| INTRODUC TI ON
Influenza virus infections cause substantial morbidity and mortality globally, in particular among young children and older adults.
1-3
In addition, global studies highlighted a higher burden of influenzaassociated mortality in Africa compared with other Regions.
1 An elevated burden of influenza-associated hospitalization among African children has also been reported. 2, 3 However, the majority of influenza disease burden estimates available for global studies are from industrialized countries.
The World Health Organization (WHO) highlighted that there is a need for influenza disease burden estimates especially from low-and middle-income countries. 4 Such estimates would enable governments to make informed and evidence-based decisions when allocating scarce resources and planning intervention strategies to limit the impact and spread of the disease. In addition, national estimates would assist to refine the global understanding of the burden of influenza-associated illness and inform global public health priorities.
In recent years, influenza sentinel surveillance has been established in several African countries 5 and influenza virus infection has been found to be associated with mild and severe illness including death. 5, 6 Nonetheless, national estimates of influenzaassociated hospitalization [7] [8] [9] [10] [11] [12] and outpatient consultations 7, 10, 13 across age groups remain limited in Africa. In the Democratic
Republic of Congo (DRC), there are currently no recommendations for influenza immunization or treatment.
In this study, we aimed to estimate the national and provincial number and rates of medically attended influenza-associated influenza-like illness (ILI) outpatient consultation, and severe acute respiratory illness (SARI) hospitalization among persons of different age groups, DRC from January 2013 through December 2015.
| ME THODS

| Data sources
| Data source 1: Number of respiratory hospitalizations and outpatient consultations in Kinshasa Province
We obtained the number of respiratory outpatient consultations and 
| Data source 2: Retrospective record review of respiratory admissions and outpatient consultations in selected healthcare facilities
To assess the completeness of the administrative data reported to the MoH-DRC (data source 1), we implemented an anonymized retrospective record review (using healthcare facilities consultation or admission books) of any respiratory outpatient consultation or admission in 5% of randomly selected healthcare facilities situated in Kinshasa Province from January 2013 through December 2015. We implemented a presurvey to compile a list of the most common respiratory outpatient consultations or admission diagnoses recorded by the attending clinicians in consultation or admission books.
Respiratory outpatient consultations were considered any upper respiratory tract infections such as rhinitis, pharyngitis, or laryngitis; whereas respiratory admissions were considered any lower respiratory tract infections such as bronchitis, bronchiolitis, or pneumonia. were children aged <5 years.
| Estimation of the national number and rate of SARI and influenza-associated SARI hospitalizations
To estimate the national number and rates of SARI and influenzaassociated SARI hospitalization, we used a four-step approach.
In
Step 1, we estimated the SARI hospitalization rate in Kinshasa
Province (considered to be the base province in our estimation approach). In Step 2, we estimated the SARI hospitalization rates for the other provinces from the base province using a previously described methodology. 8, 11, 12, 18, 19 In Step 3, we estimated the influenza-associated SARI hospitalization rate using available virological surveillance data for influenza. In Step 4, we obtained the number of SARI and influenza-associated SARI hospitalizations using the estimated rates and the population at risk in each province.
The description of the estimation approach for each step is provided below and in Figure 1 . All estimates were obtained overall and within the following age categories: <1, 1-4, 5-24, 25-44, 45-64, ≥65, <5, and ≥5 years of age. Rates were reported per 100 000 population. We reported mean annual estimates over the study period.
| Step 1: Estimation of the SARI hospitalization rate in Kinshasa Province
To estimate the SARI hospitalization rate in Kinshasa Province, we followed WHO guidelines for estimating the disease burden associated with seasonal influenza. 
| Step 2: Estimation of SARI hospitalization rates in other provinces
Estimates of SARI hospitalization rates for the other 10 provinces in DRC were derived by adjusting the Kinshasa Province rate (base provinceobtained in Sep 1) for the provincial-level prevalence of known risk factors for pneumonia obtained from the DHS (data source 4) as previously described (Step 2.a). 8, 11, 12, 18, 19 Risk factors included HIV infection, exposure to indoor air pollution, and crowding for all ages, and, in addition, for children aged <5 years malnutrition, low birthweight and nonexclusive breastfeeding. 8, 11, 12, 18, 19 The relative risk of SARI associated with each risk factor was determined from the published literature. 8, 11, 12, [18] [19] [20] [21] [22] In addition, we adjusted the provincial rates by the proportion of ARI cases seeking care in the given province to the proportion of ARI cases seeking care in the base province using data from the DHS (data source 4)
as previously described (Step 2.b). 8, 11, 12, 18, 19 We used the healthcareseeking behavior among ARI cases as a proxy for SARI cases. An adjustment factor >1 resulted in a greater SARI hospitalization rate in the given province relative to the base province and vice versa. The equations used for the provincial adjustments and the estimated adjustment factors (Table S1 ) are provided in the Supplementary Material.
| Step 3: Estimation of influenza-associated SARI hospitalization rates in all provinces
We estimated the provincial rates of influenza-associated SARI hospitalization by multiplying the estimated provincial SARI hospitalization rates (obtained in Step 1 and 2) by the influenza virus detection rate obtained from influenza sentinel surveillance implemented among inpatients with SARI (data source 3). 8, 11, 12, 18, 19 F I G U R E 2 Method used to estimate the numbers and rates of influenza-like illness (ILI) and influenza-associated ILI outpatient consultations in the Democratic Republic of Congo, 2013-2015. Data inputs steps are in light gray boxes, and data outputs are in dark gray boxes
| Step 4: Estimation of the number of SARI and influenza-associated SARI hospitalizations in all provinces
We estimated the provincial number of SARI and influenzaassociated SARI hospitalizations by multiplying the provincial SARI (obtained in Steps 1 and 2) and influenza-associated SARI (obtained in
Step 3) hospitalization rates by the population at risk in each province over the study period. 8, 11, 12, 18, 19 
| Estimation of the national number and rate of ILI and influenza-associated ILI outpatient consultations
To estimate the national number and rates of ILI and influenzaassociated ILI outpatient consultation, we used the same approach as for SARI with the exception that for the provincial adjustment, we used only the healthcare-seeking behavior for ARI in the given province to the base province and we used the influenza virus detection rate obtained from influenza sentinel surveillance implemented among outpatients with ILI (data source 3) (Figure 2 ).
| Calculation of confidence intervals
We obtained the 95% confidence intervals (CI) using bootstrap resampling over 1000 replications for all parameters included in the calculations. 8, 11, 12, 18, 19 This included (a) the age-, year-, and health- 
| Ethical approval
The influenza sentinel surveillance (data source 3) and the collection of aggregated data on any respiratory consultations/admissions (data source 2) were deemed nonresearch by the MoH-DRC and the US Centers for Disease Control and Prevention. The number of respiratory consultations/admissions in Kinshasa Province reported to the MoH-DRC (data source 1), the DHS (data source 4) and the census data (data source 5) were publicly available. 
| RE SULTS
| Reported number and retrospective record review of respiratory illness in selected healthcare facilities in Kinshasa Province
| Influenza virus surveillance among patients with ILI or SARI
During the study period, we enrolled and tested 7467 patients, of which 4297 (57.5%) had ILI and 3170 (42.5%) had SARI. Influenza 
| National number and rate of ILI and influenzaassociated ILI outpatient consultations
The estimated mean annual number of ILI outpatient consultations An inverted U-shaped trend of the magnitude of the ILI and influenza-associated ILI outpatient consultation rates was observed across age groups (Table 1 and Figure 4 panel A) . No substantial differences (with overlapping CIs) of the ILI and influenza-associated ILI outpatient consultations rates were observed across provinces ( Table 1 ).
The provincial number and rates of ILI and influenza-associated ILI outpatient consultations by age group are provided in Table S2 . 
TA B L E 1 Estimated mean annual numbers and rates of influenza-like illness and influenza-associated influenza-like illness outpatient consultations, Democratic Republic of Congo, 2013-2015
| National number and rate of SARI and influenza-associated SARI hospitalizations
The estimated mean annual number of SARI hospitalizations was 661 911 (rate: 795.2 per 100 000 population); 273 321 (41.3%) (rate:
2002.3 per 100 000 population) and 388 590 (58.7%) (rate: 558.4
per 100 000 population) among individuals aged <5 and ≥5 years, respectively ( Table 2 ). The estimated mean annual rate of SARI hospitalization was highest among children aged <1 year (6204.3 per 100 000 population) and lowest among individuals aged 5-24 years (348.5 per 100 000 population).
The estimated mean annual number of influenza-associated SARI hospitalization was 40 361 (rate: 48.5 per 100 000 population);
25 452 (63.1%) (rate: 186.5 per 100 000 population) and 14 909
(36.9%) (rate: 21.4 per 100 000 population) among individuals aged <5 and ≥5 years, respectively ( Table 2 ). The estimated mean annual rate of influenza-associated SARI hospitalization was highest among children aged <1 year (509.7 per 100 000 population) and lowest among individuals aged 5-24 years (10.1 per 100 000 population).
A U-shaped trend of the magnitude of the SARI and influenzaassociated SARI hospitalization rates was observed across age groups (Table 2 and Figure 4 
panel B). No substantial differences
(with overlapping CIs) of the SARI and influenza-associated SARI hospitalizations rates were observed across provinces ( Table 2 ). The provincial number and rates of SARI and influenza-associated SARI hospitalizations by age group are provided in Table S3 .
| D ISCUSS I ON
We reported national and provincial estimates of medically attended influenza-associated ILI and SARI in DRC over a 3-year period. Influenza virus infections were associated with mild (ILI) and severe (SARI) respiratory illness across age groups. However, the rates of influenza-associated ILI outpatient consultations were highest among individuals aged 5-24 years, whereas the highest rates of influenza-associated SARI hospitalization were observed among individuals aged <5 and ≥65 years, with children aged <5 years accounting for 63.1% of all influenza-associated SARI hospitalizations.
Higher rates of influenza-associated SARI hospitalizations among young children and older adults have also been reported in other studies.
7-12
Our estimated rates of influenza-associated ILI outpatient consultation of 1205 per 100 000 population were generally consistent with those of other studies conducted in Africa: 895 per 100 000 population in Ghana, 7 720 per 100 000 population in Kenya 13 and 1337 per 100 000 population in South Africa. In our study, the estimated rate of influenza-associated SARI hospitalization among individuals aged ≥5 years (21 per 100 000 population) was almost 9 times lower than that estimated among children aged <5 years. Lower rates (per 100 000 population) of influenza-associated SARI hospitalization among individuals aged ≥5 compared to <5 years were observed also in other studies conducted in Africa: 7 in Kenya, 8 12 in Madagascar, 12 11 in Rwanda, 9 31
in South Africa, 10 and 13 in Zambia.
11
In our study, we did not observe substantial differences (with 8, 13, 18, 19 ; hence, our estimates should be considered minimum estimates. Cultural differences and differential access to healthcare across different countries can also play a role in differential healthcare-seeking behavior that in return may be responsible for differences in outpatient consultation and hospitalization rates.
In conclusion, we estimated a large number of influenzaassociated ILI outpatient consultations and SARI hospitalizations in DRC. The hospitalization rates were highest in children aged <5 years and individuals aged ≥65 years. These estimates provide the foundation for future cost-effectiveness studies to potentially guide influenza immunization policies. Should an influenza vaccination program be introduced in DRC, young children and the elderly may benefit most from annual influenza immunization. No influenza vaccine is licensed for children aged <6 months, but this group may be protected through the vaccination of their mothers during pregnancy. 29, 30 Nonetheless, given the limited financial resources in our setting, estimation of the disease burden associated with other pathogens should also be considered to inform prioritization of interventions.
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